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Formation and self-similar expansion
 of a spheromak configuration

 in the absence
 of a flux-conserving boundary



Overview

• Experimental study of spheromak
formation physics
– how helicity is injected

– dynamics of topology



Experimental method

• Use a coaxial magnetized plasma gun

• Inject helicity into a very large vacuum
chamber
– effectively no flux conserver (wall)

– plasma can freely expand

• Follow what happens on fast time scale
– using high speed cameras, B-probe array



Main results

• Find that spheromak configuration (closed
flux surfaces) formed even though there is
no flux conserver

• Lamba profile is peaked at magnetic axis
indicating that spheromak is decaying

• Lambda profile decay consistent with self-
similar geometric expansion
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A coaxial spheromak source has essentially two knobs

1. The gun current I
2. The gun bias flux 

What counts is the ratio:
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Four Distinct Operational Regimes:
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End-on view



Infer 3D magnetic field profile in single shot using axial propagation



Data from a single shot (using propagation technique)
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Evidence of flux amplification

Poloidal flux increases

Toroidal flux decreases



Measurement of lambda profile
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Lambda decay

Inverse 
of major radius

Entire     decay explicable in terms
of self-similar expansion 
(no helicity decay)
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Spheromak configuration formed even though 
there is no flux conserver

Hypothesize that inertia plays role of wall



Regime III
Almost spheromak









Solar prominence simulation
(uses spheromak technology)
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